We examined 186 phyllodes tumors (106 benign, 51 borderline, 29 malignant) for angiogenesis by assessing stromal microvessel density by the hot spot method and assessing p53 protein expression; we correlated these factors with stromal cellularity, margin status, nuclear pleomorphism, mitosis, and stromal overgrowth. Increased degree of malignancy in phyllodes tumors is associated with increased patient age and tumor size. Microvessel density and p53 protein expression also showed a similar increase with malignancy. Using a logistic regression model, microvessel density was shown to be useful in predicting malignancy in phyllodes tumors, independent of key criteria of stromal overgrowth, nuclear pleomorphism, and mitosis. Microvessel density showed correlation with stromal cellularity and margin status, suggesting an interrelationship between these parameters. P53 protein expression showed a positive correlation with microvessel density, suggesting possible overlap in the underlying mechanism of these two factors in the pathogenesis of phyllodes tumors. The numbers of recurrences and metastases are small in our series, and no significant difference was demonstrated in microvessel density and p53 protein expression compared with the primary. We conclude that microvessel density and p53 are useful as independent criteria in evaluating malignancy in phyllodes tumors.
Mammary phyllodes tumor is an uncommon stromal epithelial neoplasm with a reported incidence of 0.3 to 0.5% of all breast lesions (1) (2) (3) (4) (5) . It usually occurs in middle-aged women, but rarely it can occur in a younger age group and in men. Based on a combination of histologic criteria, including stromal cellularity, nuclear pleomorphism, mitotic rate, stromal overgrowth, and the margin status (whether infiltrative or rounded), phyllodes tumors can be divided into benign, borderline, and malignant groups (1, 6) . Although all groups of phyllodes tumors show a propensity to recur locally, the borderline and malignant groups may also metastasize to other visceral organs.
Tumor angiogenesis as assessed by microvessel density has been under intensive investigation for its purported role as a prognostic factor in breast carcinoma. Many studies have demonstrated that tumor angiogenesis is related to various markers of tumor aggressiveness including grade, vascular invasion, lymph node metastases, and survival (7) (8) (9) (10) (11) (12) (13) . Some studies have demonstrated the predictive utility of angiogenesis on outcome in node-negative breast carcinoma (14, 15) and in various stages of ductal carcinoma in situ (16) . Other studies failed to confirm the relationship between tumor angiogenesis and other parameters of aggressiveness in breast carcinoma, or the outcome in ductal carcinoma (11, (17) (18) (19) or infiltrating lobular carcinoma (20, 21) .
Several studies have addressed the relationship between angiogenesis and other nonhistologic prognostic markers, including p53 (22) (23) (24) (25) , proliferative indices such as Ki67 (23) and PCNA (26) , apoptosis (26), cyclin D1 (24), CD44 (27) , and laminin (27) . Among these, p53 was the most widely studied, and most studies demonstrated an association between p53 and angiogenesis (22) (23) (24) , although one study had conflicting results (25) . The association of angiogenesis with other factors had been inconsistent.
The evaluation of angiogenesis in phyllodes tumors is limited to one previous study of 40 cases that showed increased microvessel density in borderline and malignant phyllodes tumors (28) .
In this study, the authors investigated the angiogenesis of 186 phyllodes tumors collected from four institutions and correlated this with the histologic parameters of the phyllodes tumors, together with p53 protein expression.
MATERIALS AND METHODS
The histologic files of the four participating institutions were searched for instances of phyllodes tumors of the breast. The number of years searched ranged from 4 to 15 years. The paraffin blocks were retrieved, and 4-m slides were prepared routinely and stained with H&E. All the slides were reviewed for the following histologic parameters: (1) stromal cellularity; (2) nuclear pleomorphism; (3) stromal overgrowth; (4) mitotic rate; and (5) margin of the tumor, whether infiltrative or rounded. Parameters 1 and 2 were graded as low/mild, moderate, or severe; stromal overgrowth was graded as mild, moderate (scanty epithelial elements within a lowpower field (ϫ40, Nikon Labophot; field area, 1.9 mm 2 ), or severe (absence of epithelial element within a low-power field), and the mitotic count was given as the number of mitotic figures per 10 high-power fields (ϫ400, Nikon Labophot; field area, 0.19 mm 2 ). A diagnosis of benign phyllodes tumor was made when there was low cellularity, no stromal overgrowth, mild pleomorphism, a rounded margin, and a mitotic count of two or less per 10 high-power fields. Malignant phyllodes tumor was diagnosed when the mitotic count was five or more per 10 high-power fields, together with stromal overgrowth and an infiltrative margin. Borderline phyllodes tumor was diagnosed when the histologic features were in between benignancy and malignancy.
For the microvessel density, one representative slide from each case was stained using an antibody to CD31 (1:50; DAKO, Glostrup, Denmark) with the avidin biotin method. The scoring of microvessel density was by the hot-spot method, with initial scanning of the slide at low power to identify the area with high vessel density; then 10 consecutive high-power fields (ϫ400, Nikon, Labophot, field area 0.19 mm 2 ) were examined, and any positively staining structures were counted, irrespective of whether a lumen was identified. Branching vessels were considered as one count. An average value was obtained as count per high-power field.
For p53 staining, the antibody used was monoclonal, reacting to both wild-type and mutant p53 (DO-7; Novocastra, United Kingdom) with microwave antigen retrieval. The staining of cells was assessed according to both the intensity and proportion of positive cells. The staining pattern was graded from 0 to 3, with 0 being no staining; 1, when Ͻ33% of the stromal cell nuclei stained weakly; 2, when 34 -67% of cell nuclei stained with weak to moderate staining intensity; and 3, when Ͼ67% cells displayed moderate to strong nuclear staining.
For statistical analysis, PROC LOGISTIC in SAS was used to study the association between p53, microvessel density, and diagnosis with the presence of the five histologic factors and recurrence. Student's t test and ANOVA was used to compare the tumor size, patient age, and diagnosis of phyllodes tumors. Statistical significance is established at P Ͻ .05.
RESULTS

Clinicopathologic Findings
A total of 186 cases of phyllodes tumors were retrieved. Among these, 106 were diagnosed as benign, 51 as borderline, and 29 as malignant. These phyllodes tumors were obtained from 180 patients, including 19 patients with one recurrence, 2 patients with two recurrences and 3 patients who had metastatic lesions (2 with distant organ metastases and 1 with intramammary seedings). This series of 186 phyllodes tumors included 14 first recurrences and 2 second recurrences.
All the patients were female, and their ages ranged from 14 to 77 years (mean, 42 y). One hundred ten patients were Chinese, 30 were Caucasian, 12 were Malaysian, 7 were Indian, 7 were Indochinese, and in 14 patients, the ethnicity was not known. Ninety-three phyllodes tumors were on the left, 90 were on the right, and in 3, the side of lesions was not known. The sizes of the phyllodes tumors ranged from 0.8 to 22 cm (mean, 4.8 cm).
For the 106 benign phyllodes tumors, patient age range was 17 to 62 years (mean, 40 y). The sizes of phyllodes tumors ranged from 0.8 to 22 cm (mean, 4 cm). For the 51 borderline phyllodes tumors, patient age range was 20 to 77 years (mean, 45 y). The sizes of phyllodes tumors ranged from 1 to 20 cm (mean, 5.4 cm). For the 29 malignant phyllodes tumors, patient age range was 35 to 76 years (mean, 47 y). The sizes of phyllodes tumors ranged from 1.5 to 22 cm (mean, 6.6 cm). Between the benign and borderline groups, the differences in mean age and mean sizes of phyllodes tumors were significant (P Ͻ .05), but the differences between the borderline and malignant groups were not. The results are summarized in Table 1 .
Microvessel Density
For benign phyllodes tumors, the vessel count range was 2 to 25 (mean, 10); for borderline phyllodes tumors, the range was 5 to 23 (mean, 16); for malignant phyllodes tumors, the range was 14 to 37 (mean, 24; Figs. 1-2) . The difference between the benign and borderline groups and between the borderline and malignant groups were statistically significant (P Ͻ .0001).
Using a logistic regression model, microvessel density was useful in predicting the degree of malignancy even in the presence of histologic parameters of mitoses, nuclear pleomorphism, and stromal overgrowth. There was some overlap of information between the microvessel density and the other two parameters, stromal cellularity and margin status, in predicting the grade of phyllodes tumors so that these two parameters are not significant in the logistic regression model. The results are summarized in Table 1 .
Correlation between Microvessel Density and p53 Expression
For the p53 score, the mean values were 0.69, 0.9, and 1.7, respectively for benign, borderline, and malignant phyllodes tumors (Fig 3) . The results of p53 scores of some of the phyllodes tumors had been previously reported (29) . The difference between the benign and borderline groups (P Ͻ .05) and between the borderline and malignant groups (P Ͻ .001) were also statistically significant.
When one considers the relationship between microvessel density and p53, the differences of the microvessel density values among the different p53 levels were significant using ANOVA. It was demonstrated that microvessel density and p53 show a positive correlation. Both microvessel density and p53 contribute in predicting diagnosis. There were no statistical differences of these parameters between the original and recurrent lesions. These results are summarized in Table 1 .
DISCUSSION
This review of a large series of phyllodes tumors showed that benign, borderline, and malignant phyllodes tumors represent a histologic and demographic continuum as the patient age and tumor sizes gradually increase from benign to borderline to malignant. Furthermore, statistical significance can be established for differences in these parameters between the benign and borderline groups. However, for comparison between the borderline and malignant groups, statistical significance cannot be established, and the relatively small number of borderline and malignant phyllodes tumors probably accounts for this observation.
The evaluation of angiogenesis by microvessel density had been extensively studied in breast carcinoma. The methodologies used were varied, with the most commonly used methods being the hot spot method (30) , as had been adopted in this study, the Chalkley method, or image analysis. Some investigators further suggested counting of blood vessels number per 1000 tumor cells (31) . Several large-scaled studies had been carried out to compare the relative merits of these various methods, and both hot spot counting and the Chalkley method had been shown to correlate with other vascular parameters and prognostic estimates (32, 33) . The advantages of using the hot spot method are its ease to perform, low cost, and relative speed of use. As a consequence, this method is still the most widely used. However, inherent in this simple but relatively effective method are several potential sources of error. As counting of microvessels is subjective, intra-and interobserver variations may be significant (33) . Furthermore, it has been described that there existed marked heterogeneity of microvessel density in different parts of a carcinoma (34) as well as a relation between microvessel density and tumor volume (35) . In phyllodes tumors, the most vascular areas (hot spots) were located around the epithelial component and tend to coincide with the high stromal cellularity and high mitotic activity areas. As the diagnosis of malignancy in phyllodes tumors is based on the highest cellularity and mitotic count, estimation of microvessel density may also be representative in relation to the entire lesion. The predictive role of microvessel density for the histologic parameters for malignancy and, hence, outcome appears to be variable and is affected by the type of the tumor. Although most studies were made on ductal carcinoma, two studies on infiltrating lobular carcinoma only showed higher microvessel density in infiltrating lobular carcinoma compared with infiltrating ductal carcinoma but failed to demonstrate any correlation of microvessel density with tumor histologic parameters (21) and overall survival (22) .
Microvessel density appears to change during breast carcinogenesis. It has been reported in one study that microvessel density increased from ductal carcinoma in situ to early stromal invasion but decreased from early stromal invasive tumor to T1a and T1b tumors, suggesting that increased vascularity may play a role in the early phases of transformation. In our series, the microvessel density showed a progressive rise from benign to borderline to malignant phyllodes tumors, suggesting that the role of microvessel density could be crucial in all stages of transformation of phyllodes tumors.
In our study, microvessel density was shown to be useful in predicting the degree of malignancy of phyllodes tumors, even in the presence of stromal cell mitoses, stromal nuclear pleomorphism, and stromal overgrowth, which are the key histologic criteria. This suggests that evaluation of stromal vascularity by assessing microvessel density may add information in the grading of phyllodes tumors. The correlation of microvessel density with stromal cellularity and to some extent margin status and the overlap of information by these parameters, as shown in the regression model, would indicate a strong interrelationship between stromal cellularity and microvessel density. This corresponds to the frequently made observation that cellular stromal areas are more vascular. Whether the increased vascularity is secondary to the stromal cellularity or vice versa remains to be elucidated, and this may involve locally released growth factors.
This observation is similar to that reported in breast carcinoma, especially for node-negative, early stage disease. Many studies have shown microvessel density to correlate with size, grade, vascular invasion, and early relapse, and microvessel density was inversely related to overall and relapsefree survival (11, 14, 15, 17, 18) . Other authors found microvessel density to be a powerful prognostic indicator in patient outcome independent of tumor grade, necrosis, mitotic index, and necrosis (12, 13) . In metastatic ductal carcinoma, a few studies found microvessel density to correlate with the metastatic potential (36) and number of metastatic lymph nodes in high-grade carcinoma (31) . Evaluation of the metastases showed that they had similar microvessel density compared with the primary tumor (37), and the level of vascularity in the metastases rather than that of the primary tumor was associated with decreased overall and relapse-free survival (38) . The role of microvessel density in predicting visceral organ metastases was not clear, and in one study, no relationship was found (39) .
In our series, the microvessel density did not show any demonstrable difference with the nonrecurrent phyllodes tumors within the same diagnostic category. Any predictive role of microvessel density in metastatic phyllodes tumors is even more problematic to assess as the number of cases with metastases was exceedingly small. To complicate the matter further, most metastases from phyllodes tumors are visceral and not to lymph nodes.
The relationship and prognostic value in patient outcome between p53 and microvessel density had been addressed in several studies in various other tumors including gastric carcinoma (40) , colonic carcinoma and liver metastases (41) , and ovarian cancers (42) , in which a correlation of microvessel density and p53 had been demonstrated. In invasive and in situ ductal carcinoma, it was found that there was an association between microvessel density and p53 expression (22) (23) (24) . Another study showed that both microvessel density and p53 were independent predictors of survival (25) in breast cancer. In this study, we found p53 to be positively correlated with microvessel density, and both were useful in predicting the degree of malignancy.
In conclusion, in this study, microvessel density as measured by the hot spot method showed significant increase with increasing degree of malignancy in phyllodes tumors. The highly significant difference in microvessel density between all three diagnostic groups of phyllodes tumors may indicate an important role of angiogenesis at both early and late stages of malignant progression. Furthermore, angiogenesis, like mitoses, stromal cell nuclear pleomorphism, and stromal overgrowth, is related to the grade of phyllodes tumors, suggesting that moderately or highly elevated microvessel density may be another useful parameter in assessing borderline and frank malignancy in phyllodes tumors. The higher the microvessel density and the expression of p53, the higher the degree of malignancy for the phyllodes tumor. The correlation of microvessel density and p53 suggests that they may be involved in the same mechanism in the pathogenesis of phyllodes tumors.
